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3TM4ARY 


Tests have been made to deteimirie the effects of ving-tip fuel 
tanlcs on the rolling characteristics of unsTrept wings. The investi- 
gation included the detoirmination of damping in roll, aileron effec- 
tiveness, and lateral maneaveratility of a tapered and of a rectangular 
wing. T\ro tank: sizes and two tanJc locatioxis, which were believed to 
be representative of tank instellations used at the present, Wei’S 
investigated. 

ResuLts of tests indicated that wing-tip fuel tanks of sizes 
general!;^' used at present increased the damping in roLl and the 
aileron effectiveness of the wings investigated as much as 44 percent 
and 16 percent, respectively. Because the damping in roll tended to 
increase more than the aileron effectiveness, a decrease in lateral 
maneuverability of as much as 20 percent resulted from the installa- 
tion of the tanks. The effect of the tanks increased with tank size 
and was generally greater for tanks mounted out on the tips than for 
tanks mounted dovm under the tips. 


B7ER0EUCTI0N 


The necessity of increasiDcg the range of small aircrai't has 
led to the use of external, droppable fuel tarJcs. The most favorable 
location of the tanks, particularly at high Mach numbers, appears 
to be near tho wing tips in spite of the fact that from consideration 
of maneuverability wing-tip fuel tanlcs may bo objectionable because 
of possible effects on moments of inertia and aileron rolling power. 
Unpublished test I’esults have Indicated that wing-tip fuel tanks of 
sizes genei-ally employed at the present can increase the lift-curve 
slope of a wing approximately 15 percent and reduce the induced drag 
at cruising lift coefficients sufficiently to compensate approximately 
for the increased parasite di-ag resulting from the tanlcs. 
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Tests were there^^oro made of a rectangiilar wing and of a 
tapered wing, each with an aspect ratio of approximately 6 , to 
determine the damping in roll. Tests were made of each wing with 
Tring-tip fuel tanks of two sizes and of each wing withoi.it tanks. 
The effect of aileron deflection in producing rolling moments was 
also measured on the tapeied wing. The rolling- flew method of 
reference 1 was used. 
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APPARATUS AI'ID MOHSL 


Tests Trei’e ms,de in the 6-foot cii-culer test section of the 
Langley stability tunnel which is provided with rotating vanes to 
i’otate the flow and thus to simtilate rolling flight with a stationary 
model. A description of the rolling-flow apparatus and its operation 
along with an experimental verification of the method is presented 
in reference 1. 

Two model wings were used for the tests. The geometric charac- 
teristics of the wings are given in the following table: 

Ecctang’xLai' wing: 


Area, square inches 3^1 

Span, inches 48 

Mean geometric chord, inchos 7*52 

Aspect ratio 6.38 

Airfoil section WACA 23012 

Tapex’ed wing (\ = O. 333 ): 

Area, square inches 3^4 

Span, inches 48 

Moan geometric chord, inches 8 

Aspect ratio 6.00 

Airfoil section NACA 66,2-216 

Aileron span, inches 12 

Aileron chord, fraction local wing chord 0.20 

Aileron gap Sealed 


The w3ng-tip f\\el tanks were obtained by revolving about the chord 
line an KACA 660 -OI 8 airfoil section of basic thickness modified by 
fairing straight linos from the trailiiog edge to tangent points on 
each side of the airfoil. Two sizes of tanks w'hich had lengths of 
one-third and one-sixth of the wing span_ (torr.:ed the large and small 
tanks, respectively") were tested. The tahlcs were attached to the 
wings in the out and dovm locations which are defined in figures 1 
and 2. Photographs of the large tanlcs in tho two locations are 
presented as figui’e 3 * 


TESTS 


Piolling moments were r.easured at various angles of attack and 
vai-ious rates of roll for the rectangvilar and tapered wings and also 


k 


mCA TW Wo. 1317 


at varioxxs aileron deflections vith zero rolling velocity for the 
tapered wing. Tests were made at a dynamic pressure of 64*3 pounds 
pe:’ spuarc foot, which co: esponds to an airspeed of 159 miles per 
ho’ir at standard sea-levcl atmospheric conditions. The Eeynolds 
numhei’s hased on the mean geometric chord were 940,000 amd 1,000,000 
for the rectangiilar wing and for the tapered wing, respectively. 

Wo Jct-houTidaiy cori'ections were applied to the da.taj howevex-, 
corrections we.re estimated fox- hoth the rolling moment and the angle 
of attach. The rolling -Element correction was detex-mined fx'om houndary 
induced velocity computed oy the method outlined in x'eference 2 for 
a cix-cifLar tunnel. The computation showed the measured rolling moments 
to he appx'oximately 0.9 percent high. Because this ccrx-ectlon is 
within the expex’imcntal erx-or of the measux-ements, it was not applied 
to the data. The cox'X’ectlon to the angle of attack was obtained from 
a chax’t in x-eference 3* T'lie cori-ccted ar^gle of attack is of the order 
of 5 pex-cent lax-gei- than the gecmetx-ic angle of attack. Because the 
lift characteristics of the wings wei-e not available, the angle-of- 
attack correction had to he based on an estimated lift -curve slope 
and cannot be x-igorously applied to the data. 


KESITLTS MTL BISCUSSIOW 


EesuJ-ts of the tests ax'e presented in figures 4 to 7- In. general, 
those data shoxr fox- all tank corJ'igurations an approximately linear 
vax-istion of rolling-moment coefficient with pb/2Y* These results 
sex-vc to show the general magnj.tude of the tanlc offsets. In any 
pax’ticulax’ case the effects will depend to some extent upon the 
natux-e of the fairing botvxon the tanks and the wing. 


Effect of Wing-Tip Euel Tanks on tho Damping -Moment 
Coefficient in Roll 

The vacciation of the dtanping-moment coefficient in roll 

with angle of attack for vai*iovis tanlv conflgux-atlons on the tapered 
and on the rectangiuLar wing is shovm, respectively, in figures 8(a) 
and 8(b) • A reasonable agx-eement is shown in these figures between 
the measured values of Ci at small angles of attack fox- the tanks- 

‘p ^ 

off condition and values obtained by lifting surface theory fx-om. 
rex'erence 4 (based on a section lift-cui-ve slope of 0.10 per degx-ee). 
Figure 8 shows that the effect of tanks on inci-eases with the 
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size of the tanks and is consider ahly greater for the tanks-oiit 
configircation than for the tanks-dc-i-m confif^uration. Figm’e 9 
presents the variation cf with tank size for two angles of 

attack ajid Indicates that the lai’ge tanlcs in the out location 
incroaso C 2 ahov.t 44 percent at snail ar.gles of attack. 


Effect of ¥ing-Tip Fuel Tanks on Aileron Soiling-Moment Effectiveness 

The variation of rolling-moment coefficient with ailei-on 
deflection for one aileron is shovai in figiu’e 5- The slopes of 
these ctjrves through zero deflection ai’e an indication of 

the effectiveness of the t’Llercn in producing a rolling moment. 

Figure 9 shows that Ci^ is genei'aHy increased by the addition 

o 

of taiJes and that the iiicrease amounts to about I 6 percent for the 
lai'ge tanks. 


Effect of Ning-Tip Fuel Tanks on Lateral Maneuverability 

If the motion of the airplane is constrained to one degree 
of freedom, that is, to rolling, and if transient effects are 

neglected, the derivative is an indication of the 

d 6 

lateral maneuverability of the airplane. Figure 9 shows that 

decreased generally with increasing tank size; the 
d5 

decrease is about 20 pei’cent for the lai’ge tailcs out. This decrease 
results from the tendency of the damping in roll to increase faster 
with taidc size than does the aileron rolling effectiveness. 


Origin of Effect of Wing-Tip Fuel Tanlcs 

In order to obtain some information regal’d liig the origin of 
the effect of wing-tip fuel t.anks, the damping moment of the isolated 
tanks was obtained by supporting the tanks on a 4 -foot-span 

• 2 -inch-diameter round rod and by measuring the rolling moment for 

the rod-tanks combination and for the rod alone. Tlie difference 
between the two measurements is assumed to be the damping m.oment 
of the isolated tanks and is shoT'm in figince 7 along with the 
darr.plr^ of the tax>erod wing with and without the tanks. Also 
shown is the effect of the tanks in the presence of the wing which 
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is olstained "by acting the denping of the ving elone from that 

of the wing with tenlcs. Figure 7 indicaten that a large part of 
the effect of tankc results frcm interference or end-plate effect 
"between the tanks tind the wing. Lata corresponding to that of 
figure 1 , for the rectangular wing, lead to the same conclusion. 


CONCLUSIONS 


Uind-tunnel tests have "been male to determine the effect of 
wiiig-tip fuel tanlcs on the rolling’ characteristics of ruiswept wir.gs. 
Two tank sizes and two tanlc locaoicns were investigated. The 
follcnfing concli’sions wore indicated: 

1. TanI's of sizes generally used at present increased the 
damping in roll and the aileron effectiveness cf the wir.gs investi- 
gated as much as percent and I 6 percent, respectively. Because 
the damping in roll tendet to increase more than the aileron effec- 
tiveness, a decrease in latcrai. mroceuverahility of as much as 

20 percent res\u.ted from the insta3.1ation of the taiiks. 

2. The effect of tho tanlcs increased with tark size and was 
generally greater for tanks mouxibed out on the tips than for tanks 
mounted do'.m -under the tjps. 


Langley Memorial Aeronautical Lahoratory 

Nation.al Advisory CoiGmittee for Aeronautics 
Langley Field, Va. , Apx’il 19^7 
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Fig. 1 



Fig. 2 
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Figure 3.- Tapered wing with large tanks mounted in the 6 -foot circular 
test section of the Langley stability tunnel. 
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Fig. 4 
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Fig. 5 cone 
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Fig. 9 
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